Abstract. The power of comparative phylogenomic analyses also depends on the amount of data that are included in such studies. We used expressed sequence tags (ESTs) from fish model species as a proof of principle approach in order to test the reliability of using ESTs for phylogenetic inference. As expected, the robustness increases with the amount of sequences. Although some progress has been made in the elucidation of the phylogeny of teleosts, relationships among the main lineages of the derived fish (Euteleostei) remain poorly defined and are still debated. We performed a phylogenomic analysis of a set of 42 of orthologous genes from 10 available fish model systems from seven different orders (Salmoniformes, Siluriformes, Cypriniformes, Tetraodontiformes, Cyprinodontiformes, Beloniformes, and Perciformes) of euteleostean fish to estimate divergence times and evolutionary relationships among those lineages. All 10 fish species serve as models for developmental, aquaculture, genomic, and comparative genetic studies. The phylogenetic signal and the strength of the contribution of each of the 42 orthologous genes were estimated with randomly chosen data subsets. Our study revealed a molecular phylogeny of higher-level relationships of derived teleosts, which indicates that the use of multiple genes produces robust phylogenies, a finding that is expected to apply to other phylogenetic issues among distantly related taxa. Our phylogenomic analyses confirm that the euteleostean superorders Ostariophysi and Acanthopterygii are monophyletic and the Protacanthopterygii and Ostariophysi are sister clades. In addition, and contrary to the traditional phylogenetic hypothesis, our analyses determine that killifish (Cyprinodontiformes), medaka (Beloniformes), and cichlids (Perciformes) appear to be more closely related to each other than either of them is to pufferfish (Tetraodontiformes). All 10 lineages split before or during the fragmentation of the supercontinent Pangea in the Jurassic.
Introduction
The relative importance of increasing the number of analyzed taxa and the number of characters for accuracy of phylogenetic inferences remains an issue of debate (Hillis 1998; Hillis et al. 2003; Rosenberg and Kumar 2003; Gadagkar et al. 2005; Cummings and Meyer 2005; . Large-scale phylogenetic analyses inevitably involve a trade-off between taxon sampling and gene sampling. However, recent simulation and empirical studies suggest that increased gene sampling, in general, might have a greater beneficial effect on the rigor of the estimation of phylogenetic topologies than more extensive taxon sampling (Mitchell et al. 2000; Rosenberg and Kumar 2001; . The benefits of sam-pling several independent gene genealogies to infer an organismal phylogeny with confidence are widely recognized (Cummings et al. 1995; Takezaki et al. 2003; Chen et al. 2004 ) because a more complete representation of the whole genome is highly desirable and stochastic errors occurring in data with small sample size will decrease with increasing sample size.
Comparative phylogenomic analyses using expressed sequence tags (ESTs) from taxa across the spectrum of animal diversity promise to yield reliable and robust results. ESTs also provide an economical approach to identify large numbers of genes that can be used in gene expression and phylogenomic studies (Gerhold and Caskey 1996; Renn et al. 2004; Hughes et al. 2006) . For this reason, and because of the rapid automated way of data collection and the relatively low costs associated with this technology, many individual scientists as well as large genome sequencing centers have generated large numbers of ESTs that are publicly available and their numbers continue to increase rapidly.
However, the use of ESTs for phylogenetic analyses is limited to the rather small number of species for which EST and genome projects have been conducted. In order to test to test the power of multilocus approaches to reveal phylogenies, it was necessary to choose a group of species for which extensive EST datasets are available. Here we chose teleost fish to conduct EST-based analyses with different phylogenetic approaches such as Bayesian inference and maximum likelihood in an effort to overcome possible pitfalls of one particular method. A recent theoretical study (Mossel and Vigoda 2005) revealed that Bayesian MCMC methods for phylogeny reconstruction could be misleading when the data are generated from a mixture of datasets. Thus, in cases of datasets that contain potentially conflicting phylogenetic signals, phylogenetic reconstruction should be performed separately on each subset according to Mossel and Vigoda (2005) .
There are more than 25,000 species of teleost fish, amounting to nearly half of the extant vertebrate species, and about 96% of all extant fish are classified as teleosts (Nelson 1994) . Since the pioneering work on the systematics of fish by Greenwood et al. (1966) , many studies have proposed novel hypotheses about the relationships among basal teleosts, but the relationships among the derived teleosts are still debated. One particular species-rich monophyletic group of derived teleosts is the Euteleostei, currently ranked as one of the four subdivisions of the Teleostei, along with the more basal groups, Osteoglossomorpha, Elopomorpha, and Clupeomorpha (Nelson 1994; de Pinna 1996; Arratia 1999; Miya et al. 2003 , Inoue et al. 2004 .
The Euteleostei are the most derived and speciesrich group of teleost fish, comprising approximately 16,000 species. These are placed into 32 orders and nine superorders. Currently used fish model species for developmental, genomic, and comparative genetic studies are assigned to three superorders of the Euteleostei: the Ostariophysi, the Protacanthopterygii, and the Acanthopterygii (Table 1) . Ostariophysi are basal euteleosts characterized by the presence of the Weberian apparatus. Protacanthopterygii is a superorder that was established by Greenwood et al. (1966) and originally included a wide array of basal euteleosts. Since then, Rosen and Patterson (1969) , Rosen and Greenwood (1970 ), and Rosen (1973 , 1974 have repeatedly removed several of the orders that were originally included in the Protacanthopterygii by them. The resulting Protacanthopterygii (sensu Rosen 1974 ) is the basis of subsequent discussions on monophyly, interrelationships, and intrarelationships (e.g., Fink and Fink 1996; Ishiguro et al. 2003) . Among the euteleosts the, by far, most diverse lineage are the Acanthopterygii (spiny rayed fish), comprising approximately 14,800 species, in which both the dorsal and the pelvic fins have true fin spines as well as rays. The majority of Protacanthopterygii has ctenoid scales, and the pelvic fins are thoracic, and the jaws protrusible. To the Acanthopterygii, Johnson and Patterson (1993) assigned five orders (Perciformes, Dactylopteriformes, Scorpaeniformes, Pleuronectiformes, and Tetraodontiformes) as a single clade and putative sister group to the Smegmamorpha (which contains the lineages Synbranchiformes, Mugiloidei, Elassomatidae, Gasterosteiformes, and the Atherinomorpha). 
Much controversy persists over the interrelationships among teleosts. The euteleost origin dates back to about 290 million years ago (Kumazawa et al. 1999; Inoue et al. 2005) , and due to the extensive variation not only in morphology but also in behavior, ecology, and physiology (see Helfman et al. 1997) , it is not surprising that comparative anatomical approaches were faced with a number of difficulties (e.g., lack or paucity of applicable characters for phylogenetic analyses and difficulties in the homology assessment among characters). The same is true for earlier molecular studies (Stepien and Kocher 1997; Miya and Nishida 2000) that used shorter (mostly mitochondrial) DNA sequences (mostly <1000 positions) based on limited taxonomic representation. However, it is highly desirable to establish the relationships among the fish model systems in order to be able to interpret comparative genomic and developmental processes within the correct phylogenetic framework. It appears that adequate resolution of higher-level relationships among distantly related lineages will require longer stretches of DNA (e.g., Miya et al. 2003) , amino acid sequences (e.g., Hoegg et al. 2004 ), or DNA datasets based on multiple loci (e.g., Chen et al. 2004; Simmons and Miya 2004; Takezaki et al. 2004) . Recent molecular studies based on complete mitochondrial genomes have demonstrated the power of this approach since they resulted in highly resolved phylogenies that demonstrated that the Ostariophysi and Protacanthopterygii are sister groups Saitoh et al. 2003) .
In order to increase the size of the gene sample available for phylogenetic analysis, we took advantage of two complete actinopterygian fish genomes and collections of ESTs available from public databases. In the present study 42 concatenated amino acid sequences retrieved by similarity searches against public DNA and protein sequence databases were used to address the question of the relationships of derived teleosts and to test the power of multilocus approaches in establishing well-supported phylogenies. The phylogenetic signal and the strength of contribution of each of the 42 genes were estimated with randomly chosen data subsets. Our study resulted in a molecular phylogeny among derived teleosts, which indicates that the use of multiple genes produces robust phylogenies. The phylogeny was used to estimate divergence times and to examine the evolutionary history of the component lineages within the teleostean fish.
Materials and Methods

Data Collection
Cichlid EST sequences generated by us (Salzburger et al., in preparation) and in a previous study (Watanabe et al. 2004 ) were screened against GenBank EST data for Cyprinus carpio (Cypriniformes), Fundulus heteroclitus (Cyprinodontiformes), Ictalurus punctatus (Siluriformes), Oncorhynchus mykiss (Salmoniformes), Oryzias latipes (Beloniformes), Salmo salar (Salmoniformes), and Tetraodon nigroviridis (Tetraodontiformes). All of these species are important fish model species. We also used protein data for Danio rerio (Zebrafish Sequencing Group at the Sanger Institute) and Takifugu rubripes (JGI Fugu v3.0) and genome data for Homo sapiens (GenBank). Homo sapiens was used as closest related outgroup with available data. We used EverEST (Steinke et al. 2004 ), a software program, for processing simultaneous database searches based on the BLAST algorithm against all abovementioned databases to identify the best hits for any given cichlid EST sequence. EverEST was also used to assign query sequences to matched BLAST results. Only those sequences were assigned to the query gene from cichlids that were recovered as ''best hits'' in a translated BLAST routine using the standard vertebrate code and an e-value £ 10 )50
. The sequences were aligned using the TCoffee algorithm (Notredame et al. 2000) . Forty-two genes were found to be present in all 11 databases for all taxa and were conserved enough so that an unambiguous alignment was possible. The accession numbers of the analyzed sequences and the number of amino acids used for the phylogenetic analyses are listed in Table 2 . Gene sequences were concatenated to form a supergene alignment with a total length of 7726 amino acid positions.
Phylogenetic Analyses
Neighbor-joining (NJ) and maximum parsimony (MP) analyses of the combined amino acid alignment were performed with PAUP* v. 4.10b (Swofford 2002) . Maximum likelihood (ML) analyses were performed using PHYML (Guindon and Gascuel 2003) . The bestfitting models of sequence evolution for ML were obtained by ProtTest 1.2 (Abascal et al. 2005) .
Confidence in estimated relationships of NJ, MP, and ML tree topologies was evaluated by a bootstrap analysis with 2,000 replicates (Felsenstein 1985) and Bayesian methods of phylogeny inference (Larget and Simon 1999) . Bayesian analyses were initiated with random seed trees and were run for 200,000 generations. The Markov chains were sampled at intervals of 100 generations with a burn-in of 1000. Bayesian phylogenetic analyses were conducted with MrBayes 3.0b4 (Huelsenbeck and Ronquist 2001) In order to test the phylogenetic signal and the contribution of each of the 42 genes and combinations of those to the general topology, we randomly selected 100 subsets, each containing six EST loci and constructed ML trees for every subset and every single-gene using PHYML with the model settings estimated as described above. The subset size of six represents a trade-off between the computational power and the likelihood to retrieve every possible pair of loci. The number of subset gene trees supporting the basal dichotomy was used to evaluate those contributing loci by counting the number of locus pairs represented in correctly inferred subset topologies. This amount was used for a graphical matrix representation of the contribution of all possible loci pairs to infer the phylogenetic signal of loci combinations. We also calculated the number of single-gene trees supporting a given partition of the general topology (see Gadagkar et al. 2005) . Using Poisson corrected average pairwise distances we also generated six subsets, each containing seven loci of genes with different evolutionary rates. The loci were grouped according to their distances, which were estimated using MEGA 3.0 (Kumar et al. 2004 ). This analysis was performed to test relationships between substitution rates and topology by constructing ML trees as described above. . Numbers below branch represent bootstraps from neighbor joining (third value of quartet) and maximum parsimony (both PAUP*; lowest value of quartet). Value to the right of the node represents the estimated age (million years ago; MYA) calculated using the local molecular clock method of age estimation with an optimization via the truncated Newton method with r8s (Sanderson 2003) . Confidence intervals were assessed by means of a bootstrap approach with 25 replicates. Calibration points are indicated by an asterisk. Number in a circle to the left of the node represents the percentage of single-gene trees supporting that node (see Gadagkar et al. 2005 ).
Molecular Clock
To estimate a local molecular clock a method of estimation with an optimization via the truncated Newton method was employed, as implemented in r8s (Sanderson 2003) . The truncated Newton (TN) algorithm tolerates age constraints. Divergence time algorithms require at least one internal node to be fixed or constrained. We used three dates: 55 MYA marking the earliest known fossil evidence for the Tetraodontidae (Berg 1958) , 75 MYA for the earliest known fossil evidence of the Salmonidae (Resetnikov 1988) , and 50 MYA as the age of the last common ancestor of Danio and Cyprinus (Cavender 1991; Kruiswijk et al. 2002) . The first two calibration nodes were only constrained by the max_age function in r8s; the latter one was fixed because the fossil represents the last common ancestor of both lineages. Based on these fossil calibrations, trees were constrained at the basal node at 290 MYA, the date at which pufferfish and zebrafish, a representative of the most basal lineage in this study, shared a last common ancestor. This estimation is based on a previous calibration from molecular data (Kumazawa et al. 1999; Inoue et al. 2005 ) and the data should therefore be treated with caution. Confidence intervals were assessed by means of a bootstrap approach. We simulated 25 bootstrap matrices with Seqboot (PHYLIP 3.63 package ; Felsenstein 1989) and, for each matrix, constructed a ML tree. The resulting trees were then analyzed with r8s as described above. The minimum and maximum values are represented by the minimum and maximum age estimates of the simulation matrices. Consistency between fossil and molecular age estimates for the three fossil calibration points was examined using the fossil cross-validation method (Near and Sanderson 2004; Near et al. 2005) . The calibration points are approximately equally accurate because the magnitude of the squared deviation is only decreasing by a small fraction as fossils are removed (Near et al. 2005) .
Results
The alignment of the dataset consisted of 42 orthologous groups of eukaryotic protein fragments of 10 teleost species and 1 outgroup species. The total length of the combined dataset was 7726 amino acid positions; 4778 positions were invariant. Of the remaining 2948 variant positions, 1557 were phylogenetically informative (shared by at least two taxa).
MP, ML, NJ, and Bayesian inference analyses produced identical tree topologies. The phylogenetic analyses of the complete dataset (Fig. 1 ) strongly supported the monophyly of the teleost fish used in this study. Our analyses recovered two major clades in the teleosts. The first clade includes members of the Salmoniformes, Siluriformes, and Cypriniformes and is supported by high bootstrap and posterior probability values. Within this clade, the representatives of the Salmoniformes (Oncorhynchus mykiss and Salmo salar) appeared as sister group to a clade comprised by the Siluriformes (Ictalurus punctatus) and the Cypriniformes (Cyprinus carpio and Danio rerio). In the second clade, the representatives of the Tetraodontiformes (Tetraodon nigroviridis and Takifugu rubripes) were placed as sister group to a clade formed by the Cyprinodontiformes, Beloniformes, and Perciformes. All nodes in this clade were strongly supported as well. The members of the Perciformes (Haplochromis sp.) and Beloniformes (Oryzias latipes) formed a monophyletic group, and the representative of the Cyprinodontiformes (Fundulus heteroclitus) branched basal to this clade.
Comparing different topologies within the euteleost fish with the approximately unbiased test significantly ruled out possible alternative Superorder relationships ((Protacanthopterygii (Ostariophysi + Acanthopterygii)) or (Ostariophysi (Protacanthopterygii + Acanthopterygii))). Thus a sister group relationship between the Ostariophysi and the Acanthopterygii or between the Protacanthopterygii and the Acanthopterygii were rejected (Table 3) .
The relative ages of the main clades within the teleostean fish as revealed from our molecular clock analyses were also estimated (Fig. 1) . The split between the Ostariophysi/Protacanthopterygii clade and the Acanthopterygii was dated to the early Triassic (approximately 217 ± 4 MYA), whereas all other splits were estimated to have occurred in the Jurassic . Based on our calibrations, the split between the Cypriniformes and the Siluriformes was estimated to have occurred at 141 ± 4 MYA. The time estimate for the split between the Tetraodontiformes and all other Acanthopterygian species was 195 MYA, whereas the Cyprinodontiformes diverged from the latter group 153 ± 16 MYA. The estimated divergence time between the cichlids and the Beloniformes was dated to 113 ± 11 MYA. Based on our calibration points, these age estimates are relatively robust; the mean age estimated from 25 bootstrap trees for which we repeated the age estimation procedure outlined above reveals a maximum of 16 MYA standard deviation and a fossil cross-validation (Near and Sanderson 2004; Near 2005) resulted in inconsistent molecular age estimates. Despite the fact that our results correspond well with recent studies, all molecular clock estimations should be treated with caution, because we used a molecular calibration (290 MYA for the last common ancestor of zebrafish and pufferfish) to constrain the basal node. The strength of the phylogenetic signal and the contribution of each subset of genes to the general topology in 100 random subsets each containing six EST loci are rather weak as depicted in Fig. 2 by a matrix representation of the frequency of occurrence of loci in ''correct'' topologies. Only combinations of a few loci (e.g., EST 11 and EST 42) showed enough resolution to reproduce the basal dichotomy or at least one of three subgroups (superorders), however, the complete estimated topology as depicted in Fig. 1 was not found with any of the 100 subsets above. The percentage of single-gene trees supporting a given partition of the general topology ranges from 10% to 71% (Fig. 1) , with terminal nodes being more often correctly inferred than basal nodes. Substitution rates of loci with high (e.g., EST 11 or EST 42) and low (EST 7 or EST 12) phylogenetic signal were similar and ranged from 0.13 to 0.17. The Poisson corrected amino acid substitution rate among all loci ranged from 0.01 to 0.31 (Fig. 3) . Phylogenetic analyses of six subsets containing seven loci each according to the Poisson corrected amino acid substitution rate supported the two major clades also with low substitution rates. However, relationships within the two clades varied with the substitution rate (Fig. 3) . The overall topology as depicted in Fig. 1 was not recovered. However, the topologies were similar to that supported by the analysis of the combined dataset, whenever loci with lower amino acid substitution rates were used. Figure 4 shows that the length of the EST groups used does not correlate (R 2 = 0.0081) with the amino acid substitution rates and therefore we conclude that the analyses of subsets are not biased due to length differences.
Discussion
Implications for Multilocus Phylogenies
The approach used in this study led to a well-supported but novel hypothesis of evolutionary relationships among the euteleostean fish (Fig. 1) . The sampling of multiple genes with a comparatively large number of sequence positions is likely to improve phylogenetic robustness (Lake and Moore 1998). The large amounts of ESTs being produced through automated sequencing technologies is therefore likely Table 2. to provide scientists with sufficient data to calculate reliable multi locus phylogenies. The power of comparative phylogenomic analyses using ESTs from different taxa is a function of the number of data available. Here, we were able to show that robustness increases with the amount of available sequences independent of their length and rate of amino acid substitution (Fig. 4) . Remarkably, all analyses produced congruent tree topologies with confidence values not lower than 82 (Fig. 1) . Given the fact that subsets of EST groups containing six sequences simulated in this study were not able to recover the phylogeny of the concatenated dataset, we conclude that comparably high numbers of loci are needed to infer robust phylogenies from EST based studies among distantly related taxa. This inference should be tested in the future with even more inclusive phylogenetic issues, such as the relationships among animal phyla and the questions surrounding the ''Cambrian explosion'' . The number of single-gene trees supporting partitions of the general topology corroborates this observation (Fig. 1) . Only terminal nodes could be resolved with single-gene trees. The discrepancy between high confidence values within the combined analysis and the low number of single-gene trees supporting the general topology shows that multilocus analyses perform better in resolving higher-level relationships among distantly related lineages than single-locus analyses as was suggested before repeatedly. However, the single-gene trees are based on relatively short amino acid sequences due to the fact that we used EST data, which are usually not longer than 600 bp. Therefore single-locus datasets might not contain sufficient information to produce robust phylogenies, also indicated by the relative small total number of informative sites (1557) compared to that in a study at a comprehensive phylogenetic scale . Although each of the loci included in the 42-gene set was carefully screened and orthology among the sequences derived from the different species seemed rigorously established, the possibility of unrecognized paralogy at a few of the loci still cannot be fully excluded. The contribution to phylogenetic uncertainty of such paralogous sequences could, however, not have been large enough to influence the phylogenetic reconstruction of the concatenated dataset. Yet it might have been large enough to influence the reconstruction of some single-gene trees.
Part of the increase in robustness afforded by concatenating multiple genes is due to the fact that many branches in individual gene trees may have experienced only a few substitutions. Adding genes to a dataset by concatenation increases the absolute number of evolutionary changes on such branches and makes it possible to infer them with greater accuracy. Furthermore, an overall increase in sequence length leads to an overall smaller variance in evolutionary rates and other parameters in model based methods. Therefore, it may be better not to discard genes producing incongruent phylogenies, as they may provide additional information for resolving some short branches (Shevchuk and Allard 2001; Rokas et al. 2003) . On the other hand, if individual gene trees contain systematic errors that may result in similar (but erroneous) phylogenies, then the use of congruent phylogenies may actually result in an attenuation of this error. Despite the fact that we did not make an effort to account for large variation in evolutionary rates, sequence length, transition-transversion ratio, and base composition (G+C content) among the single sequences, the concatenated dataset still performed well. This indicates that the increase in phylogenetic signal or signal/noise ratio due to the concatenation is much higher than any bias introduced by using a single substitution pattern applied to the entire concatenated sequence. It is possible that the use of gene-specific evolutionary models in a partitioned approach may improve the accuracy of concatenated sequence analysis, but to date this is not possible with the available methods and software given the number of loci used in this study.
Implications for the Teleost Phylogeny
The results of phylogenomic analyses based on 42 orthologous groups of nuclear protein-coding genes confirmed the basal placement of Ostariophysi and Protacanthopterygii but revealed some unexpected relationships among acanthoptergyian species. Recent molecular studies have demonstrated that Ostariophysi and Protacanthopterygii are sister groups Saitoh et al. 2003) , a finding that was confirmed in this study. According to the molecular clock analyses the basal divergence of the Ostariophysi and Protacanthopterygii took place no later than the middle Triassic (213-221 MYA). Pangean separation in the middle Jurassic may have been responsible for the present geographic patterns, in which cypriniform fish show a largely Laurasian distribution, whereas siluriform fish are likely to have originated in Gondwanaland, leading to their present South American distribution, on one hand, and African lineages that subsequently dispersed into the Eurasian continent following land connections or accretion, on the other (Saitoh et al. 2003) . All members of the Ostariophysi share four or five modified vertebrae, aiding in hearing, which connect the swim bladder to the inner ear and convey pressure changes and sound (Weberian apparatus). Basal lineages maintained an adipose fin posterior to the dorsal fin, which is considered to be the ancestral character state for euteleosts. This enigmatic fin is not found in all basal euteleosts, however, since, e.g., esociforms and alepocephaloids lack it (Johnson and Patterson 1996) , it is likely that it has been lost secondarily. In all other lineages of the Ostariophysi, especially in basal orders such as the Characiformes, an adipose fin is usually present.
The molecular data support a close relationship between the Atherinomorpha (Beloniformes and Cyprinodontiformes) and a representative (Haplochromis) of the Percomorpha, a sister group of the Smegmamorpha (Johnson and Patterson 1993) . The monophyly of the Smegmamorpha is not supported by the present study or any previous molecular phylogeny (Wiley et al. 2000; Chen et al. 2003; Miya et al. 2003) . Ancestral features among the atherinomorphs like a protrusible upper jaw and flexible spines on dorsal and pelvic fins in abdominal or subabdominal position are shared with basal teleosts (Nelson 1994) . These features could be the result of a secondary loss that occurred during the evolution of ray finned fish because Oryzias and Fundulus are nested among perchlike fish like Takifugu, Tetraodon, and Haplochromis, just as recently hypothesized by Chen et al. (2004) .
The splits in the Acanthopterygii group correspond well with the beginning breakup of Laurasia and the enlarging Turgai Sea in the Jurassic except the split of the tetraodontiform lineage (max. 216 MYA). Most of the tetraodontiform families are found in warm and temperate marine waters worldwide, with a few families absent from the Atlantic and eastern Pacific. The earliest known fossil evidence for the Tetraodontidae (Berg 1958; Santini and Tyler 2003; Santini 2004 ) dates back to the early Tertiary. The relatively long branches among the Tetraodontidae as depicted in Fig. 1 might be the result of independent and unique evolution along this lineage leading to rather compact genomes (Aparicio et al. 2002; Jaillon et al. 2004) . Extant species of killifish and cichlids show a Gondwanan distribution (Streelman et al. 1998; Zardoya et al. 1996) that is in concordance with our paleophylogenetic reconstructions. The majority of the beloniform species are found in marine waters worldwide, and the family Adrianichthyidae and members of the Belonidae are known to be secondary freshwater fish with Gondwanan distribution (Collette 2003) .
Conclusion
We showed that multigene EST phylogenies represent a powerful method to increase the robustness of topologies. Our evaluations have demonstrated that inference of phylogeny robustness increases with the number of loci and that these loci should be chosen according to their rate of amino acid substitution. This study identified several more slowly evolving genes that are suitable candidates for future phylogenetic analyses of fish and, possibly, other taxa of similar age. The results of the genome-wide phylogenetic analysis described here indicate that the available data support previous findings in mtDNA based molecular studies for the Ostariophysi/Protacanthopterygii relationship (e.g., Ishiguro et al. 2003 ) and concatenated nuclear loci among the Acanthopterygii (e.g., Chen et al. 2004 ). To reach a new level of confidence for phylogenetic purposes, representative samples of genome sequences or EST sequences from additional relevant taxa are required. The rapid progress of genomic resources for an increasing number of species also emphasizes the importance of a reliable phylogenetic framework in which to interpret comparative results correctly.
